Toxicity of polychlorinated dibenzofurans are correlated with global and local electrophilicities calculated through DFT/6-31G(d) method with B3LYP functionals using both Mulliken and Hirshfeld population analysis schemes. An excellent correlation is observed between the experimental binding affinity values of 31 polychlorinated dibenzofurans with AhR receptors and a linear combination of global and local electrophilicity values.
INTRODUCTION
Halogenated aromatic hydrocarbons (HAH) like polychlorinated biphenyls, dibenzo-pdioxins, dibenzofurans and benzidines exhibit toxic behavior mainly through their interaction with the biological systems essentially via a protein called AhR [1] [2] [3] . Several studies on these compounds have been performed [4] [5] [6] [7] [8] [9] [10] in order to gain insights into the actual nature of binding between the HAH and AhR. The interaction is mainly through partial charge transfer augmented by π-stacking and in most cases the toxins (HAH) behave as electron acceptors which forces us to treat the electrophilicity as the natural reactivity descriptor [7] [8] [9] in the associated quantitative structure activity relationships (QSAR). The amount of charge transfer and the direction of charge flow between the toxin and the biosystem also provide [7] [8] [9] important insights into the associated toxicity.
Halogenated aromatic hydrocarbons (HAH) like dibenzofuran occur predominantly as industrial byproducts and the genesis of their toxicity is very complicated and is yet to be understood clearly. Because of the experimental difficulties related to the study of these halogenated aromatic hydrocarbons, QSAR would be helpful to correlate the biological and toxicological activities of these HAHs with different reactivity descriptors.
Compounds are generally screened on the computer in order to select structure with the desired properties using correlation between the structure and the activity of these compounds in QSAR. But it is quite difficult to find good correlation between structure and activity though there exist several models in QSAR. In recent years quantum chemical descriptors are used in QSAR studies because the quantum chemical quantities are able to provide accurate quantitative description of the molecular structures and their chemical properties. Atomic charges, molecular orbital energies, frontier orbital densities, atom-atom polarizabilites, molecular polarizabilities, dipole moments etc., have been used as descriptors within a QSAR parlance.
In the present study we have used global and local electrophilicities as descriptors. According to the density functional theory (DFT) the chemical potential (µ), and chemical hardness (η) are defined as,
where E is the total energy of the system, N is the number of electrons in the system and ) (r v r is the external potential.
The vertical ionization potential (IP) of a system is the change of energy when an electron is removed from the system and variation of the energy when an electron is added to the system is known as electron affinity (EA). In both the cases, electron withdrawing and electron addition, the external potential has to be kept fixed. So using finite difference approximation, eqns. (1) 
where E LUMO is the lowest unoccupied molecular orbital's energy and E HOMO is the highest occupied molecular orbital's energy.
Using µ and η Parr et al have defined a new quantum chemical descriptor, known as electrophilicity index (ω ) which measures the propensity to absorb electrons and is defined as [11] Recently Chattaraj et al provide [13, 14] a unified treatment of chemical reactivity and selectivity through a generalized philicity concept by using a resolution of identity. This local philicity index is given as ) ( ) ( r f r r r α α ω ω = (9) or its condensed-to-atom variants for the atomic site k in a molecule is defined as In the present work an attempt has been made in correlating the binding affinities of 31 polychlorinated dibenzofurans in terms of their global and local electrophilicity values.
COMPUTATIONAL DETAILS
All the structures of the polychlorinated dibenzofurans are optimized to their lowest energy states using the Gaussian 03 software package. During the process of optimization no symmetry restriction has been made use of. The frequency calculation has been followed by the optimization procedure. The presence of zero imaginary frequency in the frequency calculation on the optimized geometries confirms that the structures are minima on the potential energy surface and hence the lowest energy ground states. Becke's three-parameter hybrid density functional, B3LYP, with basis set 6-31G(d) has been used. Fukui functions have been calculated using the direct method proposed by Contreras et al [15] and using the Mulliken population analysis (MPA) scheme as well as with the Hirshfeld population analysis (HPA) scheme [16] using DMOL package [17] with BLYP/DN method.
RESULTS AND DISCUSSION
Optimized structures with the atom-numbering schemes of all the polychlorinated dibenzofurans (PCDF) studied in the present work are provided in Figure 1 whereas their geometrical parameters are presented in Table 1 . In our previous works [7] [8] [9] related to the effect of conformational flexibility on toxicity of polychlorinated biphenyls and benzdines, we highlighted the importance of the global electrophilic behavior characterized by ω as well as that of the most probable site given by α ω k . Table 2 reports the total energy, hardness, chemical potential, global electrophilicity and the local electrophilicity (both MPA and HPA) for the centre with the maximum value. In order to ascertain the actual direction of the charge transfer we have also presented the hardness, chemical potential and global electrophilicity of the selected nucleic acid (NA) bases (adenine, thymine, guanine, cytosine and urasil) and DNA base pairs (GCWC, ATH) in Table 3 . Since electrons flow from a system of higher chemical potential (lower electronegativity) to another of lower chemical potential (higher electronegativity) PCDFs will act as electron acceptors and the bases/base pairs as electron donors. An analysis of the joint hardness ( fig. 2b ) and also by using the BA values normalized [6] to that of 2, 3, 7, 8-tetrachloro dibenzofuran (TCDF) (figs. 2c (R=0.8722,HPA) and 2d (R=0.8157, MPA)). These correlations are better than both one and multi-parameter fits reported in reference 10. Incidentally their [10] finding of reliability of softness as the toxicity descriptor is a manifestation of the maximum hardness principle [18] as was highlighted in the toxicity analysis of polychlorinated biphenyls [7, 8] and benzidine [9] The superiority of the present QSAR not only rests on better regression but also on the transparent understanding of the DFTbased global and local reactivity descriptors used here vis-á-vis the importance of the electron
Conclusions
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